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ABSTRACT 
This paper presents 80 summary statements on Canada 
Geese. The overview is based on an extensive 
evaluation of evidence, enumerated and interpreted 
for Branta canadensis maxima populations in New 
Zealand conditions. Management prospects for the 
control of geese are examined under a progression 
of section headings, and some implications are 
drawn together in the conclusions. Recommendations 
are advocated in the context of the 1953 Wildlife 
Act, but some current anomalies are recognised. 
Two figures and a selected bibliography are 
included. 
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INTRODUCTION 
The rationale of this paper is to promote informed discussion on 
management prospects for Canada Goose (Branta canadensis) in the South 
Island high country of New Zealand. Management cannot be solved by 
anyone answer but by intelligent searching for a set of answers. 
The paper reviews the available information base, assembled from 
two primary sources: 
(i) a wide reading of the world goose literature, mainly 
scientific, including New Zealand studies and unpublished 
reports. 
(ii) an on-site interview of 21 high country runholders whose 
properties are frequented by geese. 
The integrated statement seeks to clarify the prospects for goose 
management in a comprehensive manner while also remaining concise. 
To this end, prospects are assessed under a sequence of biological 
headings to attain a sound understanding of the bird. The same 
progression acts as a filter of biological criteria to search out 
priorities in population control policies. suggested priorities are 
then drawn together in their economic and legal contexts, focussing 
on the conflict between agriculture and gamebird recreation. 
As the format is appropriate to continuing evaluations, any resulting 
management decisions should attract periodic review and discussion. 
Ongoing observations of goose performance in New Zealand should aim to 
also expand and revise the pertinent data base, starting from the 
current listing of statement sources (see Appendix I). Thusmanagement 
is never fixed, nor is it for anyone interest group - or just 'for 
the birds'. The Information Paper seeks rather to stimulate present 
and future management at the level of all managers, whether scientists, 
farmers or recreational hunters. Together they can contribute to 
sets of answers that are worthy of progress. 
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Canada Goose (Branta canadensis) 
In order to clarify management prospects, it is necessary to first 
establish bird identity and characteristics. 
1,1 True geese are named either Branta ('black geese' because their 
legs and bills are black) or Anser ('grey geese' because their 
legs and bills are grey - or pink or orange). 
1.2 Canada Goose is one of five species of Branta and is native to 
North America. It is distinguished by its brown body - all other 
species are grey or black, and do not occur in New Zealand. 
1.3 Canada Goose is the most variable of all geese species, and is 
commonly divided into 12 subspecies with a breeding range extending 
over most of North America above 37°N. In New Zealand, 37°S 
defines all areas south of Auckland. 
1.4 Birds in the two successful New Zealand liberations of 1905 and 
1920 were from uncertain sources and were probably of mixed stock. 
It follows that the New Zealand population may not be a true subspecie 
1.5 It is commonly accepted from detailed comparisons with North 
American birds that the New Zealand stock is predominantly the 
Giant Canada Goose (Branta canadensis maxima). 
This identity of the New Zealand bird has important implications in 
relating its management to the collective literature on geese. No 
goose population or flock is ever exhaustively studied and information 
gaps must be bridged where possible by extrapolation from other popul-
ations or flocks (or even from other species). By inference, the 
collective knowledge about northern hemisphere geese must therefore 
be interpreted in a context appropriate to geese in New Zealand. 
In integrating the information of more than 130 scientific papers and 
numerous reports and interviews, priorities have been ranked in a 
descending order as follows: 
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(i) New Zealand observations of Giant Canada Goose. 
(ii) Branta canadensis maxima observations elsewhere. 
(iii) Observations of inter-related subspecies 
in order of decreasing relationship -
Branta canadensis moffiti (also 'Giant Canada Goose') 
Branta canadensis interior (Interior Canada Goose) 
Branta canadensis canadensis (Atlantic Canada Goose) 
(iv) The collective knowledge of all geese species, selected as 
relevant and including where necessary the less closely 
related Sheldgeese of the southern hemisphere. 
Populations and Flocking 
Population: 
Flock: 
a frequently interconnected group of birds, clearly 
separated (more or less) from other groups. 
a local group of birds, with daily behaviour more 
or less unified. 
2.1 North Island populations have been establishing since liberations 
of Lake Ellesmere birds in the 1970s, but geographically they are 
outside the scope of this paper. However, much of the detail 
remains essentially relevant. 
2.2 South Island populations are inter~mixed in their geography 
although some are loosely separated by referring to their primary 
water habitats (Fig. 1). Varying degrees of overlap extend 
across the open grassland habitat east of the Main Divide, 42-45°S. 
2.3 The Lake Ellesmere population has the largest annual aggregation 
(7000 - 12000 birds), and occasionally birds from other populations 
visit this lake. The least tendency for mass grouping is shown 
by the dispersed population(s) of the major inland lakes (including 
L. Pukaki birds, Fig. 1). 
2.4 Populations are most aggregated from late autumn until early spring 
and are most scattered during the spring return to nesting grounds. 
The common characteristic of all habitats, breeding and non-breeding, 
is relative isolation from disturbance. 
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Figure 1. 
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~ 5% 
~ 10% 
o Banding area 
Some population identities and distributions as determined by 
sightings and recoveries of marked birds from four banding 
areas. (Adapted from unpublished data of Dr K.J. Potts, 
cited with permission). 
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2.5 Each population consists of multiple flocks over space (i.e. 
geographically) and these actively re-group over time (i.e. within 
the annual cycle). It is likely that interbreeding of flocks 
is principally established through the pairing of young birds 
that join mass groupings, since pairs tend to be bonded for life. 
The death of one member of a pair may also lead to re-pairing 
among survivors. 
2.6 The composition of a flock is usually limited over the summer 
to immature 'sub~adults' and failed breeders, while at other 
times the flock consists of pairs, families (including the young 
of the year and possibly the previous yearlings) and non-family 
single birds. Flock behaviour provides advantages in food-finding 
and predator detection (including human disturbances), and tends 
to synchronise daily activities such as feeding, resting and 
preening. 
2.7 Flocking is of benefit to families and is also benefitted by them, 
for separated family members may be reunited by returning to flocking 
locations (e.g. roost sites), and the exploratory behaviour of 
the family young may favour the locating of improved food sources 
by the flock. 
2.8 Flocks may at times split into sub-flocks, each with a variation 
on the daily pattern of activity e.g. choice of a different feeding 
site. Note that distinctions between sub-flocks can be significant 
when interpreting banding and mortality data and when formulating 
management options. 
Managemen~ prospec~s: The scale of management should be determined 
by its primary focus, identified as either the population, a regional 
aggregation, the flock or a sub-flock. However, as all levels represent 
interconnected groups and sub-groups, 'spillover effects' between 
groupings may sometimes necessitate the switching of focus to a larger 
grouping. The choice is then whether to manage the selected birds 
in their more aggregated form, or in their dispersed state of multiple 
groupings. An important point to note is that New Zealand birds have 
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already adapted to 30 years of intense human disturbance in many areas. 
Groupings are therefore often smaller and more dispersed than formerly, 
and flocking behaviour may now be less cohesive (i.e. more fragile). 
Flight 
Migration: an actively oriented movement between two distant places, 
usually by a majority of birds within a group. 
Loca1 f1ight: a sequence of flights over a 24-hour day, usually 
centred on one locality. 
3.1 Geese are 'traditional migrants', i.e. the young have no built-in 
awareness of which way to go, but must learn by flight experience. 
3.2 B. c. maxima traditionally tended to be non-migratory in the tall-
grass and mixed prairies of the central United States (its former 
range), but is fully migratory in higher latitudes. It is capable 
of non-stop distances of 850 km (in less than 8 hours) and can 
migrate at least 1600 km. 
3.3 In its continental horne, spring migration is cued to the 
progress of the spring thaw (e.g. the retreat of the O°C isotherm), 
and spring and autumn routes may vary according to the seasonal 
supplies of food and water (e.g. areas of spring snow melt, river 
valleys, marshes and lakes). 
3.4 In the less rigorous island climates of New Zealand and Britain, 
resident Canada Geese tend to be dispersive rather than truly 
migratory, with lessened distances flown and less synchrony of 
seasonal movements. In New Zealand, some synchronies exist in 
spring and autumn flights between the overwintering habitats 
(lakes) and the breeding habitats (inland grasslands), and non-
breeders move to summer moult habitats (lakes). 
3.5 Strong flight is adaptive for pioneering new habitats and new food 
supplies (e.g. the steady goose response to recent development of 
high country pastures), but flight traditions can also be deeply 
implanted (e.g. in Britain, a 500 km summer moult migration of non-
breeders is only now developing after 300 years). 
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3.6 Local flight is typically heavy on clear days near sunrise and 
sunset as flocks fly between night roosts and their daily feeding 
grounds. If food supplies are not too distant and nutrition is 
sufficient,a secondary flight to and from the roost may split the 
daily feeding regime. 
3.7 Weather conditions (e.g. mist, a sunflash through dense cloud) 
may moderate the local flight patterns, and moonlight and lying 
snow may induce night flight to feeding grounds. Only at wind-
chill temperatures below -lSoC (approximately) does B. c. maxima 
completely forego flight and feeding to conserve heat energy. 
3.S Disturbance conditions (e.g. heavy hunting pressures, heightened 
wariness of daytime disruptions by human presence) may also 
restrict feeding to times of darkness, and directed flight can 
occur on the blackest night. 
Management; prospect;s: Flight by wild geese is not readily managed, 
except by disruption. Learned migratory patterns are strongly 
imprinted and it is other factors affecting productivity and survival 
that frequently explain observed shifts in bird numbers between 
different routes (see 3.5). Thus expansive pastoral development 
(i.e. improved goose habitat) appears to have strengthened migrations 
of Ellesmere birds northward (Fig. 1, upper grids ~5%, ~lO%) to now comparE 
with flocks that move westward (centre grids ~5%, ~lO%) to areas of less 
expansive development. Within any one migratory area it is local" flight that 
is the "primary target of disruption techniques e.g. scaring devices, 
dispersal by motorised craft. Regardless of the initial level of success, 
any single method of repetitive disruption tends to lose its effectiveness 
over time because bird responses change. The geese will either risk 
familiarity (the disruption is increasingly ignored) or they will 
adapt by evasion (learned avoidance behaviour provides an escape 
mechanism) . 
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Breeding 
Productivity: a rate of yield, actual or potential e.g. annual 
productivities of say 4 surviving young per female 
(actual) from 6 hatched young per female (potential). 
Performance: an efficiency comparison between actual and potential 
yields e.g. a reproductive performance of say 75% if 3 out 
of 4 breeding-age females reproduce successfully in a 
given year. 
4.1 The breeding age of B. c. maxima ranges from 2 - 18+ years, but 
few breed before 3 years old and many females first breed at 4 
years. The first breeding age of females tends to be higher than 
for males. 
4.2 The reproductive performance of females tends to improve over 
the first breeding years, with increasing mating success, nesting 
success and egg fertility. However, it is likely that some 
individuals form the reproductive core of a population i.e. they 
are repetitively successful, while others may repetitively fail. 
4.3 Although pairs tend to be bonded for life, it has been suggested 
that re-pairing occurs if there is repeated breeding failure. 
The pair usually selects the female's natal area for breeding -
and hence flock interbreeding is promoted when pairing occurs 
in massed groupings (see 2.5). 
4.4 Sexual behaviour is governed by daylength changes, and the temperate 
New Zealand climate allows an early dispersal to spring breeding 
grounds. Earliness means that egg development (prior to laying) 
and nesting need not be synchronised with spring thaw conditions 
as in high latitudes (see 3.3). Annual synchronies are maintained, 
however, after a preparatory period on or near the breeding 
grounds. 
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4.5 Egg laying occurs in late September - early October despite annual 
variations in spring conditions, but observations of synchrony 
have not yet clarified if latitude effects are present. Mean weather 
patterns throughout breeding correspond to the limits of the 
breeding range of B. c. maxima in North America, with only 110 
frost-free days per year in high country breeding areas, and with 
mean temperatures climbing to only 17°C by the January fledging 
and adult moult. 
4.6 Nesting is traditionally in colonies, where territory size, vantage 
position and proximity to food and water are determined .primarily 
(it seems) for the security of the nesting female and of the nest 
itself. The male actively defends the territory, and various 
hypotheses have been presented to explain observed colony behaviours. 
Densities may reach 17 nests per hectare. 
4.7 In South Island high country, by contrast, it appears that human 
disturbance has increasingly disbanded large colonies to widely 
dispersed locations. Many pairs now breed in relative isolation 
of each other, venturing among tall plant canopies away from 
open water, and often retreating to steep slopes. 
4.8 If the breeding pair suffers an early loss of its nest or egg 
clutch, it may possibly continue breeding at a new site but often 
will abandon breeding for the year. Given the success of a site, 
the pair may again return to the same nest or to its immediate 
locality in the following year(s). 
4.9 Realised productivity up to the time of egg hatching depends on 
a wide range of inter-related factors: 
* population age distribution - see 4.2; 
* the proportion of breeders - influenced by 
loss of mates 
body condition 
availability of nest sites; 
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* reproductive performance of breeding females - a function of 
nest site quality 
time of breeding 
weather 
body reserves 
fertility factors 
clutch size 
incubation attentiveness 
egg hatchability 
egg mortalities. 
Management prospects: When conflicts of habitat use focus on geese 
numbers, an appropriate management target may be to reduce breeding 
success. Whereas past agricultural improvements in the high country 
have favoured breeding successes by enhancing goose food supplies, most 
direct control has been limited to flock culling, nest and/or egg 
destruction, and disturbances of breeding birds. These methods are 
all at risk of producing temporary or counter-productive effects. 
The last two have had low success rates of marginal value (in terms 
of both control effectiveness and of effort invested) and historically 
have enforced the dispersing of breeding sites; and flock culling 
seldom includes currently breeding geese, is usually non-selective 
(it includes non-breeders and pre-breeders) and is primarily an 
investment in reduced future breeding. Yet alternative prospects 
appear few. The prime target for control should be the reproductive 
core of the population (see 4.2) but culling on a selective basis is 
precluded unless birds can be identified by age, sex and reproductive 
performance. In an opposite strategy, control evaluations may be 
spread across all productivity factors (see 4.9), for many small 
changes can be jointly effective. While no factor should be dis-
counted lightly, there seems to be at present no new prospect of 
control that is widespread and specific to breeding management, 
unless a year of unusually late or poor breeding weather was chosen 
to enhance the effectiveness of other methods (see 4.5). Whatever 
the method or combination, it should be noted that the removal of 
breeding birds may at times be offset by the improved breeding 
performance of the survivors. 
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Young Birds and Moulting 
Gosling: the newly hatched young up to the time of fledging, 
when feather development permits flight. 
Juvenile: the fledged young up to yearling age. 
Sub-adult: the immature adult from yearling age to sexual maturity. 
5.1 The primary factors affecting the number of hatched goslings 
per female, i.e. brood size, have been reviewed above (see 4.9). 
As brood size is dependent on clutch size, note that average 
clutch size is influenced by all factors listed above it in 
section 4.9. 
5.2 While clutch sizes of B.c. maxima range from 2 - 10 eggs with 
population means of 4.5 - 5.9, reported brood sizes range from 
43 - 82% of eggs laid (North American data). Although egg 
predation by black-backed gulls and other predators is 
reputedly low in New Zealand, this survival advantage may be 
offset by small clutch sizes e.g. a mean of only 4.5 eggs per 
female has been reported for one high country flock. 
5.3 After an incubation of 26 - 28(+} days, goslings of the same 
nest usually hatch within a few hours of each other and the 
brood shortly departs the nest. At less than 48 hours of age, 
they are capable of moving distances of up to 1.5 km across 
land and 14 km across water. 
5.4 Gosling development takes 80 - 86 days to fledging (reached 
in mid-January to early February), and feeding is typically 
at soakages, seeps and water margins. Family feeding forays 
may range over greater distances as the young birds grow, and 
some birds have adapted to avoid frequent daytime disturbances 
(e.g. power boats and low-flying aircraft) by walking 1 km or 
more to night-time feeding grounds. In the most disturbed populatic 
of the major inland lakes (see 2.3), steep and difficult terrain 
may be negotiated via sloping ridge crests. 
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5.5 In the lesser disturbance of traditional colonies, some goslings 
may wander despite the parents' calls and become amalgamated 
into mixed broods called 'creches' or 'gang broods'. Mixed 
broods of 8 - 60(+) goslings will travel, feed and loaf together, 
accompanied by one or more breeding adults or sub-adults. 
5.6 The remaining family units are maintained through most of the 
year, with flighted juveniles dispersing to winter waters with 
parents. The adult-juvenile bond is often retained in the spring 
migration but is finally broken by the parents when establishing 
the new season's breeding territory. 
5.7 Yearlings and sub-adults that have flown to nesting grounds 
in spring shortly move to moulting sites (including coastal 
lakes) to join adult non-breeders. They are progressively joined 
by failed breeders until the summer moult during late December -
January. This may be two weeks or more ahead of successful 
breeders moulting at their breeding grounds. 
5.8 Moult flightlessness occurs because primary and secondary wing 
feathers are moulted simultaneously. Although the grounded 
goose regains summer flight within 30-35 days, the progressive 
body moult is not fully complete until winter. It is costly 
in energy demands but presents no survival risks in the temperate 
New Zealand climate; and there are no natural predators of moulting 
or fledged birds. 
Management prospects: 'Moult drives' and young 'flapper drives' are 
culling practices specifically used for the control of B. c. maxima 
in the summer moulting stage. Numbers of potential breeders 
(yearlings, sub-adults, and current non-breeders) are thus removed 
from the future nesting population. If such culling was ever wide-
spread and sustained, it could select against the present high numbers 
of poor breeders (possibly one adult in three), favouring in the 
long-term an improved reproductive performance. Hence short-term 
reductions do not necessarily imply sustained and total benefits. 
To a similar end, long-term marginal increases in mean clutch size 
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and brood survival (see 5.2), as favoured by agricultural improvements, 
could also be expected to sustain increases in flock productivity. 
As the prospects for direct management of goslings and juveniles 
appear slight, the only promise may therefore lie with indirect methods 
e.g. reduced habitat quality for breeding, and enhanced natural 
mortalities in the young (including disease incidence and stress 
factors). 
Energy Balance 
Maintenance energy: 
Production energy: 
the daily energy required to maintain constant 
body weight (where measurement is standardised 
against a bird that is neither reproducing, 
moulting, flying, growing nor depositing fat). 
the daily energy acquired in excess of maintenance 
energy. 
6.1 Typical weights of B. c. maxima in Canterbury are as follows: 
winter juvenile 4.1 kg female, 4.6 kg male 
winter sub-adult 4.2 kg" 4.8 kg " 
winter adult 
summer adult in moult 
4.5 kg 
3.5 kg 
" 
" 
5.2 kg 
4.2 kg 
" 
" 
The annual cycle of body weights has not been fully recorded in 
New Zealand, but from other geese it is assumed that peak weight 
is reached at the onset of breeding (both sexes) and lowest female 
weight at the end of incubation. 
6.2 Maintenance energy requirements vary with body size and ambient 
temperature. This is because heat loss is related to body surface 
area and to the temperature gradient between the bird and its 
immediate environment (air, water, snow covering, attached ice). 
6.3 The limiting wind-chill temperatures for long-term maintenance 
and survival are varied by body size from -15°C approximately 
(sub-adult females) to -20°C approximately (adult males). As 
few New Zealand habitats have winter daytime temperatures below 
O°C (and never consistently), the reserve capacity of B. c. maxima 
to face cold is unused. 
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6.4 Provided winter food energy is adequate, it follows that production 
energy in the temperate climate is potentially positive at all 
times except through nesting and the initial phase of moulting 
(these activities have high energy costs). Extreme energy-
conserving behaviours (e.g. reduced flight, diminished feeding, 
inactivity) are held in biological reserve for more rigorous 
environments. 
6.5 Although flight may demand 5-10 times more energy (per unit time) 
than other activities such as swimming, bathing, alert behaviour, 
walking and preening, the energy expenditure of local flight is 
small. Even dispersive flights of 200-300 km (see Fig.l) may 
use only 1% of body weight in fat reserves. 
6.6 Courtship and pair formation activities have high energy costs, 
and for this reason the pair-bond in geese is long-standing. 
If re-pairing is necessary (see 2.5, 4.3), the energy balance 
of a temperate climate is potentially more favourable than is 
the tight energy regime of the horne continent. 
6.7 In order that food intake be sufficient to balance the energy 
costs on an annual basis, foraging behaviours and diet selection 
change with the quality and quantities of food on offer as the 
year progresses. High energy intake is particularly important 
in autumn and early winter (e.g. field corn diets in North America) 
in order to cope with the winter cold. Thus lengthy flights from 
the roost to superior foods may be profitable, despite the increased 
energy costs of extra flight (see 6.5). 
6.8 As B. c. maxima in New Zealand has no high energy corn supplies 
in the autumn, a matching intake of pasture grasses contributes 
only half of that energy. However, maintenance energy is itself 
reduced by about 30% in our mild winter regime (this calculation 
is based on a body heat loss of 0.45 - 0.55 kilocalories per hour 
per °c decrease), and dietary energy does not appear to limit 
winter body condition and survival. 
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Management prospects: The energy balancing capabilities of ~.E. maxima 
are well adapted to South Island high country conditions and to the 
close proximity of inland and coastal habitats. Abundant water, seclusion 
and food are conveniently located over altitudinal gradients, and dis-
persing flocks seldom need to move distances greater than 2-3 hours 
of flight. Energy costs therefore appear minimal given the temperate 
climate. Yet it may be that energy intake barely balances costs (see 
6.8), for resident wintering in the colder high country has noticeably 
increased with the scale of pastoral and cropping improvements. This 
could mean that the supply and quality of autumn foods narrowly determines 
the energy safety margin for year-round residency i.e. whether or not 
birds disperse to lowland wintering sites. In evidence against this 
interpretation, the time commonly spent in daily feeding appears to 
be short of the possible maximum (but see 3.8, also 5.4). It is concluded 
that management of wintering flock locations might on occasions be 
feasible as a response to net energy balance, but seldom can it be 
planned management. The energy status of each flock in each year will 
reflect its separate history, and at best the manager might anticipate 
the poor year when birds could be in marginal body condition. 
Foods and Feeding 
Herbivore: a consumer of plant tissues. 
Intake: the mass of food consumed per unit time. 
Egestion: the undigested mass of food expelled per unit time. 
7.1 B. c. maxima has a long and rather narrow bill appropriate to 
probing in soft marshland as well as stripping seedheads from 
grasses and sedges and clipping tall or underwater vegetation. 
7.2 The goose digestive system, unlike that of most herbivores, is 
incapable of digesting fibre. Hence there is limited breakdown 
of the cell walls of plant foods, digestion of cell contents is 
consequently inefficient, and food passage is rapid. 
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7.3 Selections of favourable low fibre foods (e.g. young shoots, 
tubers, turnips, berries, underwater aquatic plants) are only 
seasonally available or periodically accessible in New Zealand. 
High fibre foods (especially grasses) afford staple diets that 
are less digestible; and the higher their fibre contents, the 
greater the maintenance intake. 
7.4 Diet selection is constrained by the choice of priority feeding 
areas, based on minimum disturbance and safety of distance from 
potential threats i.e. maintaining a clear view in all directions 
(but see also 3.8, 5.4). From those feeding locations that are 
currently acceptable, diet is selected to satisfy energy demands 
(especially in autumn and early winter - see 6.7) and growth demands 
(especially in spring and summer). 
7.5 The seasonal progression and variety of plant growth may afford 
a balanced diet, given the bird's mobility (see 3.6) and the 
nature of grazing behaviour itself. The birds not only switch 
foods and/or locations to profit their carbohydrate energy and 
protein reserves (according to current needs and food digestibility). 
By consistent grazing of a single area, they also stimulate the 
production of young energy-rich tissues and accelerate nitrogen 
cycling to enhance their protein supply. 
7.6 The cue for repeated feeding in one area (while it remains choice) 
appears to be linked to a simple selection mechanism - the food's 
water content. This reflects three important qualities of the 
food: its protein content; its mechanical properties for grazing; 
and its digestion properties for the release of carbohydrate energy. 
The presence of surface moisture (dew, rain, frost melt) may also 
promote a greater intake of dry foods. 
7.7 Intake increases with decreasing temperature (see 6.2), and thus 
with increasing cold wind and with dampness. It also varies with 
food properties (e.g. fibre content - see 7.3). No measures of 
intake are known for B. c. maxima in the wild, but a best estimate 
for New Zealand conditions and foods is 0.3 - 0.4 kg dry weight 
per bird per day. The estimate is 6-8% of body liveweight and 
is based on studies of intake, egestion and energy balance for 
various geese of different weights (see Appendix II). 
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Managemen~ prospects: Land topography, landscape features and food 
quality are clearly the tools of feeding management. Topography creates 
a potential for goose presence in places where visibility allows early 
warning of approaching threats. Evaluation of local land-forms there-
fore permits the manager's anticipation of possible flocking areas. 
By elimination, these prospective areas may then be narrowed down by 
considering landscape features and uses - the interrupted views and the 
boundaries created by trees, other tall vegetation, fencelines, roads, 
buildings, vehicles and frequent disturbance factors. Goose flocks are 
characteristically wary of approaching too close to boundaries, 
and will usually feed in 'safe' areas at a distance (especially during 
daylight). Within the prospective 'safe' areas, a focus on food quality 
may then help to identify likely flocking locations. The more productive 
areas are generally preferred (see 7.5, 7.6), although the feeding 
behaviour of +locks is often difficult to predict apart from past 
records, and local movements may be seemingly sporadic. The extent of 
future flocking locations and the intended impact of food quality manage-
ment will therefore remain uncertain. However, while lacking a guarantee 
of success, goose management by the control of food quality differences 
between sites can be achieveable and, at times, this is a worthwhile 
objective. 
Interactions with Agriculture 
Stock unit: a standardised rating of the food demands of different animals 
equivalent to 1 ewe of 55 kg liveweight. 
8.1 Of 300 farm properties in the South Island high country, some 15-20 
have claimed periodic and unacceptable levels of goose damage. The 
21 properties visited for interview included those known to be most 
affected. 
8.2 Documented agricultural benefits of geese include the reducing of 
weeds, plant pests and plant diseases (e.g. by feeding on seeds 
and crop residues), and the accelerated turnover of organic matter 
and nutrients (e.g. nitrogen, phosphorus and potassium). Hence, 
in one way or another, geese may stimulate plant growth rates (see 
also 7.5). 
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8.3 Perceived damage is frequently an inflated estimate of true loss, 
due to several factors including: 
* stock utilisation of available forage is commonly less than 
100% and it follows that goose intake is not wholly a loss 
to stock 
* dry matter losses due to autumn frosting of forage often coincide 
with (and are attributed to) flock damage 
* inefficient goose digestion (see 7.2) means that less forage 
is eaten than might be inferred from the numbers of highly 
visible droppings (further see 8.4) 
* forage around fresh droppings remains edible to stock if 
needed, despite observed preferences for non-fouled forage. 
8.4 Perceptions of goose intake based on droppings are inflated if 
equated one-to-one with sheep intake and droppings. This is 
because B. c. maxima requires less than half the food of a sheep -
maybe only one third - to produce a dropping of equal volume (based 
on 0.7 : 1.0 bulk densities of goose: sheep droppings from grazed 
pasture, and matching grass digestibilities of 30% : 70%). 
8.5 Fouling of forage can include trampling and uprooting (especially 
of young plants) if soils are wet enough, and in extreme cases local 
puddling. Whereas droppings lose their stock-repellent effects 
within a day or two, repeated goose feeding on an area also maintains 
an actively fouled state. Fouling can therefore reach detrimental 
levels despite the passing repellency of fresh droppings and inflated 
perceptions of damage (see 8.3, 8.4). 
8.6 B. c. maxima damage (consumption + fouling) tends to be strongly 
seasonal for agriculture (see 2.4, 2.6), although variations occur 
between flocks and between years e.g. dry autumns hasten the arrival 
of breeders at high country pastures. Damage is greatest in autumn 
(Fig. 2a), principally on autumn-saved pasture (shown undamaged in 
Fig. 2b), and new spring grass may be seriously depleted. Damage 
may also extend to native pastures, lucerne, brassicas and cereal 
crops. 
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a) Indicators of goose damage in paddocks 
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Figure 2. Seasonal relationship between geese, recreation and high 
country farming. a) The heights of bar graphs are based 
on 21 farmer responses and not on a direct measure of 
goose numbers as plotted by the line graph, based on one 
year's data at one site only (unpublished data of 
Dr K.J. Potts, cited with permission); b) generalised 
curve of cumulative growth of 'food banks', undamaged 
by geese; c) generalised curves of forage growth, stock 
demand and food use, without geese. 
20 
8.7 Damage to autumn-saved pasture can be critical to the wintering 
of breeding stock e.g. ewes in Fig. 2c. Given the limited autumn 
growth, the farmer creates a wintering 'food bank' in suitably 
strategic areas of improved pasture by grazing stock elsewhere 
after weaning. This is sound husbandry. If the rested and newly 
sown pastures are then depleted by geese, the weight gains and 
breeding success of stock may subsequently fall because of inadequate 
nutrition in winter. The point to note is that the critical food 
demand for lambing rises from August, before spring growth appears. 
8.8 The impact of geese in reducing the stock food supply is variable, 
given a base estimate of 4 or 5 geese = 1 stock unit (see 7.7 intake). 
Impact lessens when there are effectively more than 5 geese to 1 stock 
unit e.g. when stock utilisation is inefficient (see 8.3) and where 
flocks do not feed solely on farmland or at one food source - part 
of the daily intake may corne from wetland vegetation, lake weed or 
another farm. If not lessened in these ways, impact can increase 
when there are effectively less than 4 geese to 1 stock unit 
e.g. when geese graze autumn-saved pasture or first spring growth 
prior to stocking - these foods would otherwise have greater growth 
potential and rising utility up to the time of stocking. 
8.9 B. c. maxima prefers pastures and crops that. are moist and fertilised 
(see 7.5, 7.6), short rather than tall (moderate shortness favours 
selective feeding) and non-frosted. High quality foods (e.g. fallen 
grain) may attract flights into tall crops where the screening 
effect of crop height seems to substitute for the safety of a clear 
view (see 7.4). 
8.10 Flock interactions with stock animals are possible, especially when 
the geese walk rather than fly from roosting waters onto adjacent 
farmland. Advancing geese may herd sheep ahead of them and daily 
expand the area of depletion. In less depleted situations, stock 
are content to follow and even mix with flocks. At high stock densiti 
the geese are likely to move elsewhere. 
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8.11 The possibility of geese carrying diseases between stock animals 
has not been investigated, but suggestions of mechanical transmission 
are plausible (e.g. attached mud harbouring the footrot bacterium, 
Bacteroides nodosus) given the right conditions. However, there are all 
many other means of transmitting such diseases. 
Managemen~ prospec~s: On a farm scale, good management of flocks (or 
sub-flocks) should follow two rules, namely anticipate and adapt; and 
act early and frequently. Anticipation of flocking locations (see 
Section 7, management prospects) allows for consideration of long-term 
changes to landscape boundaries and to patterns of visibility e.g. reducing 
to small paddock sizes near roosts, and locating plantings of scrub, 
shrub or flaxes to interrupt goose vision - especially in directions of 
potential disturbance. Adaptive decisions in the short-term include the 
siting of high risk crops in reduced risk areas, the judicious withholding 
of fertilisers (especially nitrogen), heavy stocking alongside roosts and 
lessened rotational grazing of stock during periods of high goose risk. 
It is recognised that few measures may be practical in the context of 
some farms, but the merits of all possibilities deserve evaluation. 
The second rule concerns the timing of action, especially in the use of 
disruption techniques (see section 3, management prospects). 
flock has established a feeding pattern, its members are more difficult 
to disperse. Hence it is important to act early. Frequent action, 
furthermore, should not become too repetitive and familiar, and a state 
of change should be maintained. This applies in the timing of disturbance 
and also in the positions of scaring devices such as autobangers, high 
voltage electric wiring (a deterrent on narrow frontages to roosts) and 
automatic transistorised warning lights (adapted from roadworks to night-
feeding geese). Change plus disruption affords the partial or short-term 
deterrent, but experience still proves that this seldom warrants full 
satisfaction - if the geese go elsewhere for a while, it may only be to 
the crops of a valued neighbour! Farmers therefore prefer that population 
be reduced to tolerable flock sizes, and yet at the most critical times 
they lack the means and the authority for such control (note from Fig. 2a 
the April concurrence of the closed hunting and killing season and the 
peaking of damage). 
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The Economics of Agricultural Damage 
Gross margin: a measure of profitability, being the gross revenue minus 
the variable (non-fixed) costs. 
9.1 Overseas estimates of agricultural damage by geese are variable and are 
not often expressed in dollar terms. Examples range from cases of no 
significant loss (expected in many instances, unexpected in others) 
to losses such as 7% of sheep + cattle annual consumption (she1dgeese 
on oversown native swards in the Falkland Islands) and 54-79% of 
wheat yields (migrating Canada Geese in Illinois). 
9.2 New Zealand dollar values may be estimated from a Scotland study of 
early spring damage to ryegrass pastures. Assuming 80% utilisation 
of pastures by dairy cows and a conservative gross margin of $300 
per cow, maximum losses to Greylag Geese (1.3 - 1.5 tonnes of dry 
matter per hectare) represented a possible loss of $66 - $74 per 
hectare. 
9.3 No firm estimates of agricultural damage by B. c. maxima are 
available for New Zealand. Based on the survey of high country 
runho1ders, the judgements of seven farmers who pointed out 
definable areas of damage suggested a possible range of $3 - $32 
lost per hectare (sample mean = $15). The upper value of $32 
applied to 160 ha of fully cultivated pasture surrounding a highly 
favoured and permanent roosting site. 
9.4 The cost of damage per goose is estimated for 12 farmers to be 
$2 - $15 (mean = $7), based on their judgements of displaced stock 
units and approximated goose numbers. All factors used in the 
determination of each estimate have been reconciled with the data 
base of the High Country Production Survey of the Tussock 
Grasslands and Mountain Lands Institute. This provides long-term 
referential data for each property. 
9.5 Direct expenditure on goose management by farmers is known to range 
from $0.10 - $2.12 per bird present per year (mean = $0.60 for 9 run-
holders who attempted management), based on best judgements of peak 
flock size. As only some birds may be killed and as the expenditure 
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in many cases is on patrolling and disturbing rather than killing, 
the costs per bird killed are much higher. 
9.6 Using a food energy budgeting model to optimise total farm management 
over a full year, a conservative range of costs for goose damage 
per property was estimated as $75 - $8250 (mean = $1803 for 12 
runholders). This range excludes one large property, estimated 
conservatively as $11,850 - $15,900. The estimates have been 
reconciled with the data base of the High Country Production 
Survey (see 9.4) and were calculated using: 
* hectares of land in each type of forage 
* monthly schedules of forage supply, quality and utilisation 
(with and without geese) 
* monthly schedule of food demand by stock. 
9.7 The costs of damage as estimated by modelling (see 9.6) are based 
on displaced stock units (i.e. indirect costs) and do not include 
direct costs e.g. crop establishment and goose control. In some 
cases they may significantly underestimate damage potentials 
(see 8.8). In other cases they suggest that runholders might 
overestimate by up to 5-fold, based on the best judgements of 
seven farmers ($3000 - $25,000, mean = $10,583, plus one large 
property estimated as $45,000). Over the 13 properties modelled, 
the smaller the area of choice goose forage the greater the cost 
of damage per hectare, with steep increases observed below 100 ha 
(rising from $10 to $100 per hectare). 
Management prospects: The economics of goose damage are at times 
clearly significant but the farm costs of management and control are 
seen to be highly variable. In their full context, economic justifi-
cations for farm control are also dependent on scales of management -
whether on the farm alone, as one farm within a local region, or in 
contributing to the control of a widespread population. It follows 
that the lack of good economic data at all levels (and of the facility 
to readily interpret goose impact) is prejudicial to sound control 
policies. Better data are desirable, and the most updated approximations 
are those of the current survey. A report on the survey results is 
being prepared by the Centre for Resource Management. 
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Gamebird Recreation and Management 
Game: all animals for the time being specified in the First Schedule 
of the Wildlife Act 1953. 
10.1 Canada Goose is declared to be a gamebird throughout New Zealand by 
the Wildlife (Canada Goose) Order 1973, being included in the First 
Schedule of the Wildlife Act 1953. Over most areas of New Zealand, 
it was formerly in the Third Schedule of that Act (i.e. it could be 
hunted or killed subject to the Minister's notification), and was 
earlier in the Fourth Schedule of the Act (i.e. it was not protected, 
except in areas and during periods specified in the Minister's 
notification). 
10.2 Under the wildlife Act 1953, the protection and preservation of game 
is vested in Acclimatisation Societies, whose functions include 
"the prevention of any unnecessary diminution in the numbers of game 
or of any species of game" (Section 30(b». 
10.3 The wildlife Act 1953 also specifies that the Secretary of the 
Minister's Department may authorise hunting or killing of wildlife 
causing damage to land, stock, crops or other wildlife, whether they 
are absolutely protected or not. The written authority may be subject 
to a specified time period and conditions (Section 54(1». An 
example of this use is the culled population in Fig. 2a. 
10.4 Although New Zealand law authorises departures from schedule 
restrictions on the taking of game, time delays (real or anticipated) 
may generate farmer dissatisfactions with its administration. Given 
the policy of preserving gamebird numbers (see 10.2), the potential 
for goose damage is also preserved; and while critical damage may 
occur over a short time (see 8.6, 8.8), a longer time may be taken in 
determining and administering departures. This may be especially 
critical in the autumn because the support of gamebird recreation is 
vested in the open hunting and killing season (i.e. including March 
and May, Fig. 2a); and come April, the farmer has the right of complail 
only, not of independent action without a permit. 
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10.5 The cost of administering departures can also be high. Over the 
ten years 1976 - 1985, the costs of goose control efforts by four 
Acclimatisation Societies (Marlborough, Ashburton, South Canterbury 
and Waitaki) amounted to $165,000 .in 1985 dollars, or $6 per culled 
excluding non-charged voluntary labour (see also 9.5). Although 
complemented by the additional efforts of other Societies and of 
the Wildlife Service, the aggregate level of all culling has resulted 
in little or no reduction in goose numbers, based on an annual survey 
(i.e. April trend counts) throughout all South Island populations. 
10.6 In addition to the authorised goose control efforts there have been 
from time to time unauthorised mass killings by individuals. 
Acknowledging the additive impact of such efforts, the effectiveness 
of official control measures must at times be less than it appears. 
This implies that the levels of the April trend counts might have 
been higher if left to recreational shooting and authorised control 
alone. 
10.7 With the best of sporting skills and goodwill between sportsman and 
farmer, recreational shooting has proven itself unable to contain 
high country geese numbers at critical times. Alternative managemen 
must therefore supplement gamebird recreation, and to be effective 
it must be ongoing in the foreseeable future. Hence the specificatio 
of Canada Goose in the First Schedule of the Wildlife Act 1953 will 
continue to invoke the need for administering departures. 
10.8 Wildlife refuges and management reserves provide an alternative that 
is enthusiastically promoted by game managers and unanimously 
rejected by high country runholders (based on those interviewed). 
Goose mobility and food selectiveness have invariably drawn flocks 
to the most productive pockets of high country land, and yet such 
areas must be retained in agriculture for the viability of farming 
(see 8.7, also 9.6). By ·inference, the locating of refuges on alterr 
land may do little to alleviate agricultural damage, and might even 
contribute to its increase e.g. 'spillover' effects, and more over-
wintering in the high country (see section 6, management prospects). 
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10.9 Recreational tourism and the selling of hunting rights (as a 
future means of management) was also rejected unanimously by 
the interviewed farmers. While some farmers are becoming tourism-
oriented, the mobility of wild geese and the limitations of 
recreational shooting (see 10.7) make this diversification option no. 
economic in the context of high country farming. Unlike the flocks 
of coastal areas, high country flocks are less accessible to the 
tourist, generally less concentrated, and less resident. 
Management; prospect;s: All interviewed farmers favoured the continued prese 
of geese; and they would support a management programme that achieves 
flocks for aportsmen while also keeping damage to tolerable levels. The 
two objectives are reasonably compatible, and concessionary flock sizes 
might be conciliated between the farmers and sportsmen for anyone flocking 
region. Determinations will be difficult where geese trade between farms, 
and the concessions must reasonably allow for disparities on the basis of 
known patterns of movement. In the author's view, farmers should concede 
that damage is not always as great as it appears (see 8.3, 8.4); and 
recreational shooters should acknowledge that flock sizes will not be 
reduced beyond the limits and rewards of sound hunting skills and enjoyment. 
Inasmuch as hunter bag sizes show that some hunters repeatedly and decisive1 
out-perform others, a pool of skills is already available to be communicated 
The authorising of departures might also be streamlined, as a policy 
endorsement of sound management practice. While claims of damage by a locaj 
flock must be responsibly assessed for accuracy, it does not usually take 
long (with goodwill, 1 - 4 days) to decide on the desirability of a departure 
The contentious delays arise more from implementation e.g. the time taken to 
mobilise voluntary manpower for an authorised cull, and week-long postponemen 
(from one weekend to another). Rather, the conditions might specify greater 
urgency for assisted~control, and if urgency is defaulted, then grant to the 
farmer conditional rights of alternative control. If obstacles to effective 
and prompt control cannot be removed by such authorisations, the management 
focus logically shifts to the appropriateness of existing agency structures 
and to the specification of Canada Goose as a gamebird. The First Schedule 
of the Wildlife Act 1953 serves the hunter before the farmer, despite 
a continuing need for the control of goose numbers. It is this 
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current anomaly that merits redress - a redress that may be in the economic 
interests of recreation as well as farming (see lO~5 and 9.5). 
DisDussion and Conclusions 
Not infrequently, veiled threats of poisoning geese are heard among high 
country farmers, and predictably meet with strong indignation from game 
managers. While the Wildlife Act 1953 specifies Canada Goose as a game-
bird, the harvest of recreational hunting has for many years been inadequatE 
for sustained good management. The annual harvest is estimated as 7 - 10% 
of all birds, and a typical bag in the high country would be 3-10 geese for 
a weekend party of four hunters. This is small consolation for the local 
farmer who currently has 500 - 1000 geese feeding week-long on valuable 
forage - his losses by the following weekend could reach 1-2 tonnes of dry 
matter. These upper limits translate to 2.5 - 5 tonnes fresh weight. 
Given the legal protection afforded gamebirds, baiting and poisoning 
become an enticing violation at such times if effective goose control has bE 
otherwise frustrated. Furthermore, the technical knowledge exists for 
effective and economic goose poisoning with a virtually nil risk to other 
gamebird species. 
Constructive proposals to improve management and allay such frustration 
have been few. A current ministerial suggestion proposes that Acclimatisat. 
Societies might extend the open hunting and killing season in the high 
country to include April (compare Fig. 2a). This would seemingly have two 
implications for the farmer. On the one hand hunting pressure and disturba: 
could be maintained during a critical month; on the other hand, an authori 
departure for culling is less likely to be granted in a month of the open 
season (see 10.4). While problems of light to moderate goose damage could 
thereby be abated during April, effective control in cases of critical heav 
damage might be placed at greater risk. 
Whatever the time of year, any authorised culling is simply recognition 
that hunting by itself has proven inadequate for local control (see 10.7). 
In the three years 1983-1985, a concerted effort towards authorised culling 
has annually removed an estimated 6500 - 7500 birds and 2500 eggs. Althoug 
the management effectiveness of egg removal may not be great and although 
most culled birds are current non-breeders (see sections 4 and 5, managemer. 
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prospects}, there are indications that population numbers may have recently 
fallen:i~some regions. Were the pressures to now be relaxed, climbing 
numbers could again be reasonably expected. 
Given that a level of concerted culling was to be maintained, it is 
logical that regional strategies be clarified to suit the scale of managemen" 
(see section 2, management prospects). As a primary objective, the economie: 
and effectiveness of regional control should be accorded the highest 
possible priority while retaining the best possible balance of local 
recreation interests. 
Three examples may help to identify regional and local components.of control 
strategy. All examples illustrate a principle to be seriously evaluated, 
but in the absence of case-study detail they should not be judged as working 
proposals. 
In case number one, goose numbers are considered unacceptably high over most 
of a population region despite culling that has concentrated on the summer 
moult i.e. on current non-breeders. A management solution would be 
to periodically target the core breeding population as well as the non-
breeders. The choice of autumn-winter locations would therefore be 
essential and so a culling that included coastal wintering flocks would 
be strategic to regional control. As such culling would be random with 
respect to breeding and non-breeding birds, it could be reasonably expected 
that one-third of the culls would be breeders (based on winter flock 
composition). Local losses of birds would be significant but would also 
represent losses at the season of greatest aggregation, and the 
disturbance should not preclude the continuance of local recreation at 
an acceptable level. 
In a second case, goose numbers are considered acceptable over many parts 
of the population region but a growth trend is evident in select high countr 
areas. These areas of increasing bird numbers are important to hunters 
and farmers alike. One management strategy would be for recreational hunter 
to target such areas for concerted effort, emphasising the best uses of 
skills and anticipating the timing by advance liaison with farmers. An 
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alternative solution (or back-up to the first) would be periodic 
local culling in the problem areas, either alone or including those 
additional localities with which the offending flocks often trade. 
In this way selected flocks are heavily targeted rather than the 
regional population (as example 1) and only as locally necessary. 
Should the farmer's need for control become urgent but an authority 
granting urgency not be honoured, there appears to be a justifiable case 
for the granting of alternative control powers to the farmer. In 
the event of such recurring difficulties, a change in the statutes 
might be invoked to allow the possibility of increased culling by 
farmers, including the controlled use of poisoning (see section 10, 
management prospects). 
In a third example, summer goose numbers are notably aggregated as 
a sizeable flock in a given high country locality. As non-breeders 
for the year commonly occur in the high country in small flocks, it 
might be deduced from flock size that here we have a roosting area 
that is focal to an extended region of several breeding flocks. That 
is, as breeding birds remain dispersed, the aggregation could be linked 
to a widespread area of breeders that comprises a significantly large 
grouping of geese. A regional management plan might therefore target 
this non-breeding flock for a concerted recreational effort or for 
authorised control. The future number of widespread breeders might 
be more deliberately contained by a single strategy than by spreading 
the collective summer efforts throughout the dispersed and smaller 
non-breeding flocks of the same region. 
In all examples, there are components of management that are already 
matched by current practice. An intuitive start has been made, but 
the scientists, recreational hunters and farmers appear to have done 
little as joint managers to combine their resources effectively. 
Scientists and game managers have a particular responsibility to assess 
and monitor management strategies; farmers are in a position to observe 
and communicate current goose numbers and behaviour; recreational 
hunters have a vested interest in wise harvest and sustained management. 
Open and non-emotive communication is essential hereon if joint manage-
ment and the present gamebird statutes are to function for the good 
of all. 
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To this end it is suggested that a simple but formalised recording 
and reporting procedure could be set up for pertinent observations 
(e.g. in the manner of standardised weather recording sheets or booklets). 
The patterns of daily and occasional observations might then constitute 
the basis not only of management judgements but of applications for 
authorised departures. The onus of evidence in support of any claim 
should promote good recording. It might be expected that most hunter 
records would include flock location, flock size and bag size data 
over a sequence of hunting trips. Farmers would have a vested interest 
in regular autumn records, noting especially flock feeding location, 
flock size and indicators of damage. The periodic return of records 
in exchange for new record sheets or booklets (e.g. 6-monthly or 12-
monthly) would in turn furnish a data base for ongoing management 
evaluation. At times an even more rapid exchange might be motivated 
by one group or another when interests were being hurt by current 
management. Requests for synchronised recordings would also be 
facilitated (e.g. on notified days throughout a region) and more open 
discussion and planning would be fostered. 
The overwhelming evidence of this paper (and of the New Zealand experience) 
is that B. c. maxima has an immense capacity to adapt to change - so 
long as there remains somewhere an open space offering a moment or 
two of quiet. In keeping with its demeanour, it is widely viewed as 
the world's most challenging of gamebirds. If its game status and 
the respect for all interests are to be validly upheld in New Zealand, 
we had better adapt to the calibre of our quarry and so contrive to 
manage it with fitting finesse. 
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APPENDIX I. 
The numbered statements of this paper are based on many sources of 
information, listed below. For many statements, different priorities 
have been assigned to different sources as demonstrated by the examples 
of pages 2-3. The selections and priorities seek the best available 
understanding of Canada Goose ecology and management prospects in 
the New Zealand context. 
Source abbreviations: 
numbers refer to the Selected Bibliography numbering 
Quest questionnaire interview of high country runholders 
Wildl unpublished Wildlife Service records, reports, and 
Accli 
Autho 
officer interviews 
Acclimatisation Society officer interviews 
other authoritative sources 
Section Sources 
1.1 2 
1.2 2 
1.3 1, 2, 4 
1.4 1, 4, 9 
1.5 4 
2.1 9 
2.2 9, Wildl 
2.3 9, Wildl 
2.4 2, 9 
2.5 2, 9 
2.6 2, 9, 11, 12, 33 
2.7 2, 13, 75 
2.8 11, 14, 16 
3.1 2 
3.2 1, 2, 15 
3.3 2, 15, 19, 81 
3.4 2, 9 
3.5 2, 9, 68 
3.6 14, 28 
3.7 2, 14, 25, 31, 71 
3.8 14, 39, Quest 
4.1 2,' 5, 9, 19, 24, 49, 51, Wildl 
4.2 2, 19, 24 
4.3 2, 62 
4.4 2, 9, 69 
4.5 1, 4, 9 
4.6 9, 19, 21, 23, 57, 62, 78 
4.7 9, Quest 
4.8 19, 24, 51, 57 
4.9 2, 17, 19, 20, 24, 54, 55, 57, 58 
section 
5.1 
5.2 
5.3 
5.4 
5.5 
5.6 
5.7 
5.8 
6.1 
6.2 
6.3 
6.4 
6.5 
6.6 
6.7 
6.8 
7.1 
7.2 
7.3 
7.4 
7.5 
7.6 
7.7 
8.1 
8.2 
8.3 
8.4 
8.5 
8.6 
8.7 
8.8 
8.9 
8.10 
8.11 
9.1 
9.2 
9.3 
9.4 
9.5 
9~6 
9.7 
10.1 
10.2 
10.3 
10.4 
10.5 
10.6 
10.7 
10.8 
10.9 
39 
Sources 
2, 17, 19, 20, 24, 54, 55, 57, 58 
49, 51, 57, 61, 62, Wildl 
2, 19, 57, 58 
2, 9, 10, Quest, Wildl, 
2', 9, 49, 62, 80 
9, 12 
2, 9 
2, 28, Wildl 
2, 4 
25, 27, 28, 66 
27 
20, 25, 28 
22, 25, 26 
2 
2, 25, 36, 76 
27, 32 
2, 9 
2, 32, 35, 48, 76 
2, 9, 76, Wildl 
2, 35, 39, 40 
Autho 
2, 20, 30, 36, 39, 40, 60, 71, 76, Autho 
2, 29, 34, 35, 56 
30, 31, 37, 43, 63, 64, 70 
47, Wildl 
29, 53, 65 
42, 50, 64, 67, 77, 79, Quest 
31, 32, 59, Autho 
37, 42, 43, Quest 
Quest 
Autho 
46, Quest 
11, 29, 36, 40, 41, 52, 72, 74, 75, Wildl 
73, Quest, Wildl 
64, Quest, Autho 
29, 42, 44 
42, Autho 
Quest 
47, Quest 
Quest 
47, Quest, Autho 
Quest, Autho 
7, 8 
8 
8 
8, Quest, Accli 
3, Wildl, Autho 
7, 8, Quest 
Quest, Accli 
Quest 
Quest 
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APPENDIX II 
Notes on the estimation of Canada Goose daily intake for New Zealand 
conditions and foods. Numbers refer to the Selected Bibliography 
numbering. 
INTAKE 
31. Wild Branta leucopsis (1.55 kg adult) in winter 
0.135 kg dry weight of ryegrass + Poa pasture (9% body weight) 
On a weight for weight basis, B. c. maxima (4.8 kg adult) 
= 0.44 kg dry weight. 
63. Captive wild B. canadensis (mean = 3.27 kg for mixed ages) 
exposed to winter weather, 
mean 0.16 kg fresh weight of small grains 
On a weight for weight basis, B. c. maxima (4.8 kg adult) 
= 0.24 kg fresh weight of high energy food. 
37. Captive Cereopsis novaehollandiae (mean = 3.56 kg for sub-adults + 
adults) 
mean 0.322 kg dry weight of lucerne chaff 
On a weight for weight basis, B. c. maxima (4.8 kg adult) 
= 0.43 kg dry weight. 
EGESTION 
30. Wild B. canadensis 0.30 kg dry weight of droppings per day, 
feeding on a marsh in autumn 
64. Wild B. c. canadensis 0.0019 kg dry weight per dropping, 
feeding on grass in winter 
31. Wild B. leucopsis 160 droppings per 24 hours, 
feeding on pasture in winter 
Note the consistency of the egestion data, where 160 droppings per 
day closely matches 
0.30 kg daily weight 158 
0.0019 kg dropping weight 
Assuming 25% food digestibility, 160 droppings per day and a 
B. c. canadensis body weight of 4.6 kg, the approximated intake of a 
4.8 kg adult B. c. maxima on a weight for weight basis 
= 0.42 kg dry weight. 
